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Dual Hybrid system 

Phosphatases and kinases are enzymes that are generally involved in the regulation of 
enzyme activity by adding or removing of phosphate groups to enzymes. The activity of 
these enzymes is often regulated by the binding of another protein and/or by an 
autoinhibitory domain. This binding of the autoinhibitory domain again is regulated, e.g., by 
a peptidic or non-peptidic compound that binds to the autoinhibitory domain. 

A protein phosphatase of the 2B subfamily, one of four classes of phosphoserine/ phospho- 
threonine-specific phosphoprotein phosphatases that have been distinguished on the basis 
of their sensitivities to inhibitors and divalent cations, is calcineurin. Calcineurin is the only 
known phosphatase that is regulated specifically by Ca 2 * and calmodulin. The calcineurin 
holoenzyme purified from mammalian cells (Guerini et al.. Proc. Natl. Acad. Sci. USA 
(1989), 86, 9183-9187) is a heterodimer consisting of a large catalytic subunit (51-61kD) 
and a small regulatory subunit (-19kD). The catalytic subunit binds calmodulin, and the 
regulatory subunit attaches up to four molecules of Ca 2 *. The catalytic activity of the 
calcineurin holoenzyme is completely inhibited by a synthetic peptide corresponding to a 
region in the C-terminus of the catalytic subunit in the presence of Ca a *-calmodulin. This 
suggests that the catalytic subunit contains an autoinhibitory domain (AID) (Hashimoto et 
al.. J. Biol. Chem. (1990). 265, 1924-1927). 

The budding yeast Saccharomyces cerevisiae contains proteins with properties similar to 
the mammalian catalytic and regulatory subunits of calcineurin. In fact, yeast cells possess 
two genes, CNA1 and CNA2, which encode for the mammalian catalytic subunit (Cyert et 
al.. Proc. Natl. Acad. Sci. USA (1991), 88, 7376-7380). Both the Cna1 and Cna2 proteins 
contain regions which have similarity to the putative AID sequence of the mammalian 
enzyme (Hashimoto et al., J. Biol. Chem. (1990), 265, 1924-1927). 

Recent findings indicate that two drug-protein complexes, cyclosporin A-cydophilin and 
FK506-FKBP, probably bind to the same target, calcineurin (Schreiber. Cell (1992), 70, 365- 
368). 
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Cyclosporin A (CsA) is an undecapeptide (Schreiber, Science (1991), 251, 283-287) and 
acts as an inhibitor of T-cell activation. It is currently the favored therapeutic agent for 
prevention of graft rejection after organ and bone marrow transplantation. CsA binds to 
family of conserved proteins, named cyclophilins. having high affinity for CsA (Schreiber, 
Science (1991), 251 , 283-287). 

More recently, the new compound FK506 (a macrolide; Liu. Immunol. Today (1993). 14. 
290-295) has been discovered that also inhibits T-cell activation. For FK506 it has been 
shown that this compound binds to a separate group of conserved proteins (Schreiber. 
Science (1991), 251 , 283-287). which have been termed the FK-binding proteins (FKBPs). 

An example for a cAMP dependent protein kinase Is PKA. This enzyme is a member of the 
large group of eukaryotic protein kinases that play criticai roles in regulation of cell growth 
and comprises a catalytic and a regulatory subunit PKA in its Inactive state consists of a 
tetramer consisting of two identical catalytic and two Identical regulatory subunrts. This 
enzyme is activated, like the other protein kinases, by dissociation of the regulatory and the 
catalytic subunit to form a dimer of active catalytic subunits. This dissociation is mediated, 
e.g.. by cAMP. 

Another example for a kinase is p70S6. a single chain enzyme Involved in the regulation of 
protein synthesis. The target for p70S6 is the 40S ribosomal protein S6. It is supposed that 
phosphorylation of S6 either triggers or facilitates the activation of protein synthesis. p70S6 
is supposed to be regulated by an autoinhibitory domain at the C-terminus (Flotow et at. J. 
Biol. Chem.. (1992), 267. 3074-3078) and through serine/threonine phosphorylation by 
insulirVmitogen-activated protein kinases. 

A new approach for the detection of protein-protein interaction, as for example, crucial in 
the regulation of protein phosphatases or kinases is the two-hybrid system (Fields et al.. 
Nature (1989). 340. 245-246). This system provides a convenient method in which the 
possible interactions between a peptide and a protein can be examined in a cellular 
environment. The system depends on the reconstitute of a transcription factor from its 
two essential components, the DNA-binding domain and its activating sequence. In 
particular, two fusion proteins are generated, each comprising one of the two domains of 
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,he transcription .actor and one ot the two proteins that are being tested for their ab,l,ty to 
bind to each other. Onty when the proteins to be tested interact, a funciona. transcription 
reconstitutes. Depending on the strength of the protein-protein interactions, the actuation 
of gene transcription varies. To monitor the formation of a functional transcription facto, 
the expression of the gene triggered by said reconstituted transcription factor is measured. 

Summary o * »he Invention 

Surprising*, it has now been found, that this dual-hybrid approach « capable of 
determining the interaction between a phosphatase or a Kinase and its au«o,nh,b,tory 
domain (AID). Using the inventive approach it is surprisingly possibfe to measure the 
influence of antagonists and agonists and. hence. .0 «*d new regulatory polypeptides and 
to design reguia.ory po*pep.ides with Increased regulate* properties. It has been 
surprising* found, .or example, that cyclosporin A and FK506 despite the, d,«erent 
structure inhibit the formation of active-center-AtD-comptex. Using the invents method r. is 
surprising* possible to identify new agonists or antagonists of a phosphatase or a kinase. 
Additional*, i. has been found surprising* that autoinhibitory domains exhibit better brnding 
properties when present in several copies. 

Detailed description of »»e invention 

The current invention concerns a transcription system .or measuring the interact**, 
between a phosphatase or Kinase, o, a mutein or fragment thereof mat binds an 
autoinhibitory domain, with said autoinhibitory domain, comprising ^ 
a, the DNA binding domain o. a transcription .actor and the transcript ac«va,on domun 
o. a transcripts factor mat are separated, where* one o. me two transcript,™ .aao, 
domains is IWced to a porypep^e comprising a phosphatase or Kinase 
thereof that binds an autoinhibitory domain; and me other o. me ~ 
domains Is linKed to a po*pep.ide comprising an autoinhibitory doma„ that « capabte of 
binding to the polypeptide linKed to the first transcription factor domain, and 
b) a DNA tha, is transcribed when the DNA binding domain o. said transcnpUon factor and 
me transcription activation domain of sa M transcription factor are connected via me 
polypeptides linked thereto. 
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using .he invent system i, is poss,b,e .o measure ail parameters tha, infiuence me 
binding of the autoinhibitory domain to Us target region on the regulated enzyme. 

A preferred phosphatase or kinase comprises an au.oinhibi.cry domain {AID) that can be 
L^ed on the ca,aty«c or a regutatory subun„. Examp.es .or a phosphatase or K,nase are 
TrohaTase A1 J. A2B. cycle 6 MP dependent Kinase (cGPK). myosin .ight cha.n K,nase 
eavy cuZ Kinase. dsRNA-dependen, Unase. dsONA^ependent Kinase 
lea e aclted Is* . and ,.. ce.. cyde K,nase e**B MPF. growm factor related 
Ze mammae 9 *nd casein Kinase, glycogen synthase Kinase-3. AMP abated pro,* 
Kinase py-vate dehydrogenase Kinase, branched chain a-ketoacid dehydogenase Kinase 
endogenous elF-4E Kinase, histone H4 Kinase , and ., *o<*ra,e dehydrogenase Krnase^ 
adrenerg* receptor Kinase, rhodopsin Kinase, tropomyosin Kinase. P*™*"™ 
pltein Kinase. ca.modu,,n dependent R*ase All and »,. phosphoKinase. 
a^ PP60. «» ,am«y o, src Kinases, me .ami* o, cyc.in-dependen, Kinases « EOF 
Lpto7.nsu.in receptor, spleen tyrosine Kinase, protetn Kinase C, calcineurin. PKA and 
P70S6 Kinase. More preferred are calcineunn, PKA and p70S6 Kinase. 

,„ ,h. inventive system it is advantageous to use a form of said phosphatase or Kinase or a 

2 rfrlgnl, of said phosphatase or Unase tha, has a free Attending 

mb form the A.D ma, » par, of me origina, enzyme h no, bound ,o the cat*y*c doma^ 

SL form can be achteved Wa phosphorytatJon, ,a* o, carta* deacUvatfng factors. add«on 

ralT^f.ctors.v^amu.e^.dc.sno.compnse.func^^^ 

using severe, approaches. I, S. for example, possfc* ,o delete me AID on 
^"ll to after the A.O by mutagenes* to be inactive or to use onty a fragment of the 
ONA level, to an .„, hpAlD Nevert heless, i, Is important that the mutein is not 

the C-termina, A.D. especial* me C-.ennina, 40-60 amino acids. 

^inhibitory domains ma, *.eract wim or bind to a phosphatase o, Kinase « we«^ 
"a* ^ interaction o, these autoinhibitory domains and me corresponding ^enzymes 
iToll o, a complex * sensi«ve to various parameter «Ke 
1 the autoinhroitory domain ,or me same anachmen, site, compounds tha, change me 
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affinity of the autoinhibitory domain for the attachment site or compounds that change the 
affinity of the attachment site for the autoinhibitory domain. These compounds can be, for 
example, peptides, chemical compounds, metal salts or compounds comprising peptidic 
and non-peptidic parts. Examples for known regulatory compounds are DNA, RNA, 
steroids, macrolides, cAMP, cGMP. calmodulin, phosphatidyl serine, diacyl glycerol, insulin, 
epidermal growth factor, interieukins, cytokines, growth factors like IGF and GMCSF, and 
Ca 2 *. Preferred examples for such autoinhibitory domains are the inhibitory or auto- 
inhibitory domains of the catalytic or regulatory subunit of a phosphatase or kinase (Kemp 
et a/., Trends in Biochem. Sci. (1990), 15, 342-346). e.g. of the regulatory subunit of PKA 
and the AID of calcineurin or p70S6 and fragments thereof that are still capable of binding 
to the phosphatase or kinase in question, tn a more preferred embodiment of the invention 
the autoinhibitory domain and the fragment that binds an autoinhibitory domain originate 
from the same enzyme komplex. In an even more preferred embodiment of the invention 
the autoinhibitory domain and the fragment that binds an autoinhibitory domain originate 
from the same enzyme. Also included are artificial substrates or pseudosubstrates of the 
phosphatase or kinase to be tested. 

Pseudosubstrates are, for example, created by replacing amino acids of natural occurring 
autoinhibitory domains with amino acids that promote binding to the enzyme. Examples are 
the replacement of one or more serine, threonine and/or thyrosine by another amino acid 
like alanine (Hardie, Nature (1 988), 335, 592-593). 

A preferred polypeptide that binds to the phosphatase or kinase as described above is a 
polypeptide comprising the regulatory subunit of PKA, the autoinhibitory domain of 
calcineurin and/or p70S6 kinase, as well as fragments thereof capable of binding to enzyme 
in the test. Especially preferred are the regulatory subunit of PKA, a fragment of calcineurin 
comprising the C-terminal 40 to 60 amino acid and a fragment of p70S6 kinase comprising 
amino acid 332 to 502 or 399 to 502. 

Additionally, the autoinhibitory domain can be linked to the transcription factor domain as a 
single copy or in several copies which is preferred, e.g., 1 to 5 copies of the AID or 2 to 4 
copies which is preferred. It is also possible to link different autoinhibitory domains to the 
same transcription factor to test, e.g., different influences. The different autoinhibitory 
domains or the copies of the same autoinhibitory domain may be connected directly or with 
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repeated amino acids like Gly 3 , Gty 4 or Gly* 

~* nn t« thP invention are proteins that bind to a certain region of 

p53 and lexA. 

, .k »„«vesvslem the two domains necessary lor transcription initiation of a certain 
Por the .rwenfve sy *m the tw ^ ^ ^ ^ 

orl oMA ^crna, originates (rom U,e ^ .ranscripUon lactor an. me .ranscnp^, 

:rr 9 1* - - ™ - - — - ,ac,or - ° r ^ ^ 

combination thereof. 

. mole in the case of Ace1 . a transcription lactor for the WUation of the transcription 

C-terminal 100 amino acids are preferred. (Czewski ar a/., k 
(1988). 86, 8377-8381). 

^ . , — » » - - ~,-rr,rL" 

described above. 

These M — - - — » - * ,h8 ,ranSCriPton ,aC, ° r ^ " 
defined above, directly or via a spacer, in frame. 
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A further aspect of the invention is an expression cassette for the expression of a fusion 
protein comprising the DNA binding domain or the transcription activation domain of a 
transcription factor and 

a polypeptide comprising a phosphatase or kinase or a fragment thereof that binds an 
autoinhibitory domain; or 

a polypeptide comprising said autoinhibitory domain or an active fragment thereof that is 
capable of binding to said phosphatase or kinase or a fragment thereof. 

Methods for the construction of an expression cassette comprising a DNA coding for a 
fusion protein comprising one of the two transcription factor domains and one of said 
polypeptides are known in the art and are described for example in Fields et a/.. Nature 
(1989). 340. 245-246; Chien era/.. Proc. Natl. Acad. Sci. USA (1991). 88. 9578-9582; Yang 
et aL, Science (1 993). 257. 680-682. 

Another aspect of the current invention is a DNA that is transcribed when the DNA binding 
domain of a transcription factor and the transcription activation domain of a transcription 
factor are joined via the polypeptides linked thereto, as described above, if this DNA is not 
already part of the natural genome of the host that is used for the test. This DNA is usually 
comprised in an expression cassette comprising a promoter that is operabty linked to said 
DNA and to a sequence containing a transcription termination signal, as described above. 
In a preferred embodiment of the invention said DNA is coding for a polypeptide. 

The promoter of the expression cassette is chosen in accordance with the transcription 
factor fragment used. For example, suitable transcription factor/promoter combinations are 
Ace1/CUP1p or Gal4/Gal1-Gal10p (Chien et aL, Proc. Natl. Acad. Sci. USA (1991). 88. 
9578-9582; Yang et at.. Science (1993). 257. 680-682). In a preferred embodiment of the 
present invention the promoter is the CUP1 promoter. 

A suitable DNA that is transcribed under the control of this promoter usually causes an 
effect that can be measured easily during or after transcription or translation. Preferred are 
transcription or translation products that can be measured easily e.g. via the measurement 
of the amount of protein. mRNA or DNA produced; or that cause an effect that can be 



WO 96/03501 



PCT7EP9 5/02724 



mea sured easily e g. cell growth, an enzymatic reaction or coior. Hence, the transcribed 
oZ e 1 *rexamp,e. tor a prote, that is produced in an amount tha, is related to *e 
Zun o, activation o. said promoter and that is. e.g.. no. produced «*«™«Z 
chosen microbiological host under the applied conditions. Samples .or suitable pro,e,ns 
Z l metallothle, .a, is encoded by the yeas, CUP1 gene, p-galacosidase or 
luci.erase. Preferred is metallothionein and p-galactosidase. 

An expression cassette ,or said suitable DNA may be already present in the 

rna. Ace^ A microbiological host .ranslormed with mis Invent system w». lor 
.unCona. AceV * ™ J? „ ^ ^ fac tor domains are 

example, grow ,n Cu ***** me ^ ^ ^ 

linked v/a the associated phosphatase or Kinase, 
au.oinhibi.ory domain of «h* phospha.ase or Kinase, as denned above. 

ln „. expression cassettes o, me presen, invemion, me promo.er * °^^ZZ 
encoded proteUv AddiBonal sequences, su<* as pre- o, spaeer-seguences whfc* , may or 

v/fra 

rip.a.^naddi.^aDNAseguenceenoodingasign^p.-.-e. 
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The expression cassettes for the transcription factor fusion proteins and the DNA that is 
transcribed by the reconstituted transcription factor may be present on different plasmids or 
some or all together on one plasmid. These plasmids may be integrated into the genome of 
the microbiological host or may retain as separate units. It is for example possible to 
integrate the expression cassettes for the modified transcription factor domains into the 
genome of the microbiological host, e.g. at the position of the original transcription factor 
domains and inactivating therewith the original factor, as described in (Munder & Furst, Mof. 
Cell. Biol. (1992). 12, 2091-2099). The expression cassette expressing the polypeptide to 
be monitored may be inserted, if it is not already part of the genome of the microbiological 
host, in form of a stable plasmid, e.g.. in Saccharomyces cerevisiae in form of a two-micron 
based plasmid as described in EP-341215. 

The hybrid vectors according to the invention are selected from the group consisting of a 
hybrid plasmid and a linear DNA vector and are further selected depending on the host 
organism envisaged for transformation. 

Accordingly, the invention relates also to hybrid vectors comprising the expression 
cassettes described above. 

Hybrid plasmids that retain as separate units carry the expression cassettes according to 
the invention and as additional DNA sequences a yeast replication origin and a selective 
genetic marker for yeast Hybrid plasmids containing a yeast replication origin, e.g. an 
autonomously replicating segment (Are), are extrachromosomalry maintained within the 
yeast ceU after transformation and are autonomously replicated upon mitosis. Hybrid 
plasmids containing sequences homologous to yeast 2\i plasmid DNA can be used as well. 
These hybrid plasmids will get integrated by recombination into 2u plasmids already present 
within the cell or will replicate autonomously. 2u sequences are especially suitable for high- 
frequency transformation plasmids and give rise to high copy numbers. 

In addition, the preferred hybrid plasmids according to the invention may include a DNA 
sequence as part of a gene present in the host yeast chromosome (e.g. the gene for the 
transcription factor domain or its promoter linked to the transcription factor constructs). By 
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virt ue o« me h 0m o,ogous sequence, which should amount to a stretch o, a, ieas, 20 to 100 
Oeoxynucleotides. me whole plasmid or ,inear fragments thereof can be stabty incorporated 
into me host chromosome by recombination. Thus, during propagation me progeny ce„s 
win retain the introduced genetic materia, even without selective pressure. 

As to the seiectrve gene marker .or yeas,, any marxer gene can be used which facilitates 
me selection for transforms due to the phenotypic expression of the marKe, Su»ab,e 
makers for yeas, are particular* those expressing an,,b.o«c resistance or. ,n me case erf 
auxotrophic yeas, mutants, genes wttch complement hos, lestons. Correspond^ genes 
confer. I example, resisu.ee ,o ,he antibiotic cyc.ohexim.de or provide o, pro to, ro p^n 
an auxotrophic yeas, mutant, .or exam P .e the URA2. or TRP, ge „e. n Is a.so 

Seating segment providing ma. me hos, to be transformed Is auxotrophic for the product 
expressed by the marker. 

Advantageously. ,he additional DNA sequences w*ich are present in me hybrid ptasmids 

wtm me presence o. an E. cri rep.ica.ion origin and an E. cci, marKer ,n • V^-~ 
plasmid- Fi^. amount of hybrid pfcsmid OKA can be obtained by growm ^ 
action * * C and. second,, me cons«uc«on o. hybrid pfcsmids * 
done in E co« maKing use o, me whole repertoire o. doning technology based on * «*. 
E. CO pfcsmids. such as PBR322 and me ,.Ke. contain bom E. cC region origin and £ 
L gene,* marKers conterring residence ,o antlbiot.es. for example .etracyCme end 
ample*, and are advantageously emptoyed as par, o. me yeas, hybrid veCors. 

The addiUona, DNA sequences which conta.n, ,or examp,e. repKcafon <^ 
marxers ,or yeast and a bacteria, hos, (see above) are hereinafter re.erred .o as -ve«or 
ONA-lich togemer wim the yeas, promoter and ,he coding region „ fon.mg a hybrid 
plasmid according to the invention. 
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The preferred hybrid vectors of the present invention are prepared by methods known in the 
art, for example by linking a suitable promoter, a coding region, the 3* flanking sequence of 
a yeast gene and optionally vector DNA. 

For the preparation of hybrid piasmids, conveniently mapped circular vector DNA, for 
example bacterial plasmid DNA or the like (see above), having at least one restriction site, 
preferably two or more restriction sites, can be employed. Advantageously, the vector DNA 
already contains replication origins and gene markers for yeast and/or a bacterial host. The 
vector DNA is cleaved using an appropriate restriction endonuclease. The restricted DNA is 
ligated to the DNA fragment containing the yeast promoter and to the DNA segment coding 
for the desired protein. Prior to or after linking of the promoter and the coding region (or 
simultaneously as well), it is also possible to introduce replication origins and/or markers for 
yeast or a bacterial host. At all events, the restriction and ligation conditions are to be 
chosen in such a manner that there is no interference with the essential functions of the 
vector DNA and of the promoter. The hybrid vector may be built up sequentially or by 
ligating two DNA segments comprising all sequences of interest 

Various techniques may be used to join DNA segments in vitro. Blunt ends (fully base- 
paired DNA duplexes) produced by certain restriction endonucleases may be directly ligated 
with T4 DNA ligase. More usually. DNA segments are linked through their single-stranded 
cohesive ends and covalently closed by a DNA ligase. e.g. T4 DNA ligase. Such slngte- 
stranded "cohesive termini- may be formed by cleaving DNA with another class of 
endonucleases which produce staggered ends (the two strands of the DNA duplex are 
cleaved at different points at a distance of a few nucleotides). Single strands can also be 
formed by the addition of nucleotides to blunt ends or staggered ends using terminal 
transferase Chomoporymeric tailing") or by simply chewing back one strand of a blunt- 
ended DNA segment with a suitable exonuclease, such as I exonudease. A further 
approach to the production of staggered ends consists in ligating to the blunt-ended DNA 
segment a chemically synthesized linker DNA which contains a recognition site for a 
staggered-end forming endonuclease and digesting the resulting DNA with the respective 
endonuclease. 
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The compel o, ,e ^ ~~ accc^ .o *. — ^-J^ 
,em* a .or. *e -epl.cat.on system etc ^ ^ Qr ^ 

=7sr- =r. — ~ — — — 

components. 

— srr«"« — — — 

termination signals derived from a yeast gene. 

^ baited above viz. by blunt end ligation, 

„ — -~ -i* ^riTzr. — — 

us© any combination thereof. 

- - — — - - • SSTZ^SS^ * — ■ - ■* 

autoinhibito-y doma.n may M effected by u g ^ ^ ^ ^ 

melh cd » me av« ol appropnate * J fadlitat9 handlin g of 

0NA~d.no ,o,,f»des ire ddoma in . ^ greater DNA socmen, 

provided with appropriate linkers wniui 



cloning vector. 
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A preferred microbiological hcs, .or the const.Cs described above is a yeas, orbactena, 
J, wherein yeas, is more preferred and S accr«es cereWs/ae ,s especaily preferred. 

The expression casseues or hybrid veCors descnbed above can be in.egra.ed into me 
microbiological host by standard meftods in genetic engineering. 

The microbioiogica, hos. originating therefrom ccmpnses one or more expression cassettes 
I„ ( .he two modified .ranscrip.ion.ac.ors and one ore more expression casse„es expressing 
the polypeptide to be monitored. 

The transcription system acting to the invention or the host «"^'^~ 
be used ,or me identification o. an agonist or antagonist of a phosphatase o, tonase as 
described above. 

,n a preferred embodiment o. the invention the inventive transcription system can be used 
, 0 identify an antagonist of the phosphatase or Kinase as descnbed above. 

According* a further embodiment o, the invention is a method ,o, the identification o, a 
ohosohatase or kinase agonist and antagonist composing 

by me asunng an effect caused by the induced transcript or.ransiat.on product 

The agonist and antagonist identitied using the inventive system have valuable 
The agon« a » ^ treatment. Indications lor these 

P^"-^^"^^^. M . psoras*, graft reiectton. 

characterized by inhibiting T-cel. activation, espeaally .« a method 
prevention of graft rejection. 
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Also enclosed by the present invention is a pharmaceutical composition comprising one or 
more of the compounds identified by the inventive system or pharmacologically acceptable 
salt thereof, optionally together with pharmacologically suitable carrier. 

Brief description of the drawings 

in the following experimental part various embodiments of the present invention are 
described with reference to the accompanying drawings in which: 

Fig. 1 is a schematic illustration of plasmid pRH1. 

Fig. 2 is a schematic illustration of plasmid pRH14C. 

Fig. 3 is a schematic illustration of plasmid YipCL. 

Fig. 4 is a schematic illustration of plasmid pMH7. 

Fig. 5 is a schematic illustration of plasmid pMH10. 

The following examples illustrate the invention and should not be construed as a limitation 
thereof. 

Examples 

All standard methods in genetic engineering are carried out as described in: Sambrook et 
al, Molecular Cloning: A laboratory manual. 2 nd Edn. 1989, 

The enzyme employed for all PCR reactions is Vent polymerase (New England Bio-Labs) 
The Primers are synthesized on a DNA synthesizer 

Example 1 : Isolation of yCNA1 and vCNA2 

yCNA1 and yCNA2 are the complete genes from the yeast genome encoding the twc 
isozymes for the catalytic subunit of yeast calcineurin. 
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,n order to oblain the yCNA1 and yCNA2 genes lor convenient cloning in a yeast 
expression vector, the polymerase chain reaction (PGR) is formed on yeast genom,c 
DNA (obtained from the wild type strain S288C). using two pairs o. deoxyoligoribonudeo- 
„oes as primers (SEQ ID NOs 1, 2 and 3. 4). The primers correspond to the published 
sequences ot yeast CNA1 and CNA2 (Cyert el a/.. Proc. Natl. Acad. Sd. USA (1991) 88. 
7376-7380). The yeast cDNA is amplified in 30 cycles of PCR. The Bg.ll-Hlndl.l fragments 
containing the coding regions of yCNA1 and yCNA2 are ligated to the p.asmid pUC19Bg.. 
completely digested with Bglll/Hindlll. An aliquot of the ligation mixture is added to calaum- 
treated, trans.ormation-competent E cdi HB101 cells. 6ampidllln resistant B. cC 
transformants from each of the two transformations are grown in me presence of 100 mg/l 
ampidllin. Plasmid DNA is prepared and analyzed by digestion with Bglll/HindUI. 
Bglll/BstEII and Hindlll/BstEll. The two coned dones with the expected fragments are 
named P UC19BgWSgm-HindHI/yCNA1 and P UC19Bgl/Bglll-HirK)lll/yCN«. respectively. The 
DNA inserts In the two plasmids are confirmed by sequendng (using the Applied 
Biosystems DNA sequencer 370A). 

The vector pUClSBgl. used lor the above ligations, is a modified pUC1 9 (Boehringer 
Mannheim GmbH. Germany). pUCI 9 b digested with the restriction enzyme BamH. and 
the sticky ends are flushed with the large Iragment of Klenow polymerase. The blunt ended 
DNA is ligated with Bglll linkers (double-stranded oetamers. the sense strand being 
'CAGATCTG'; Boehringer). digested with Bglll and religated. An aliquot of the ligaUon 
mixture is transformed In HB101 cells. Plasmid DNA Is prepared from 6 HB101 
transformers and are analyzed by digestton with Scal/Bgll. and Scal/BamHI. One correct 
done with the expected .ragmen* is named P UC19Bgi. The BamH. and Bgli. res.nd.oo 
sites are bo.h presen, in .he vedor pUC19Bgi. The plasmid pUCISBg. is prepared ,n an 
identical manner from pUC18. 

r*,™i. 0- cons -— * ^ C-lerminal tmnrateri versions of the 

n ^ ,h„ b- r— and *um tor *f ^ 

cnhiinit of veast rfllcineurin 
,„ order to obtain the above genes. PCR Is performed on the complete yeast CNA1 and 
CNA2 (PUC19B 9 K Bglll-HindllU yCNA, and pUCigBg^g.ll-Hindll^^. as template. 
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see Example 1). using two pairs of deoxyoligoribonudeotides as primers (see SEQ ID NOs 
1, 5 and 2, 6). The yeast cDNA is amplified as described in Example 1. Two 1670 bp and 
1530 bp Bglll-Hindlll fragments, encoding yCNAIA and yCNA2A (i.e. yCNA1 and yCNA2 
lacking their putative autoinhibitory domains), are isolated. After digestion with Bglll/Hindlll. 
the fragments are ligated to the plasmid pUC19Bgl (see Example 1). DNA obtained from 
transformants are analyzed as described in Example 1). The two correct clones with the 
expected fragments are named P UC19Bgl/Bglll-Hindlll7yCNA1A and P UCl9Bgl/Bglll- 
Hindlll/yCNA2A, respectively. The truncated gene fragments are confirmed by sequencing, 
as in Example 1 . 

Pimple 3: mnstmction of yirAim and vPfAIQV the gene fragments encoding the 

autoinhibitory peptides o f veast calcineurin vCNA1 and yCNA2 
The BglH-Xbal autoinhibitory sequences. y1(AID) and y2(AID) (Cyert et a/.. Proc. Natl. Acad. 
Sci. USA (1991). 88. 7376-7380). are obtained by PCR using P UC19Bgl/Bglll-H!ndlll/yCNA1 
and pUC19Bgl/Bglll-Hindlll/yCNA2, as templates (see Example 1). The primers employed 
are depicted in SEQ ID NOs 7. 8 and 9. 10. The Bglll-Xbal fragments are subcloned In 
pUC19Bgl. The two clones with correct inserts are named P UC19Bgl/Bglll-Xbal/y1(AID) 
and pUC19Bg!/Bg!!!-Xba!/y2(A!D), respectively. 

Example 4r Isolation of the veast SUC? tpnminator fragments 

The SUC2 gene (Taussig et at, Nucleic Acids Res. (1983). 11. 1943-1954) terminator is 
isolated as four unique fragments (-300 bp) by PCR. using yeast genomic DNA as 
template: (i) an EcoRI-SacI fragment with primers in SEQ ID NOs 11 and 12; (H) an Xbal- 
Sacl fragment with primers in SEQ ID NOs 13 and 12; (lii) a Bglll-Sacl fragment with primers 
in SEQ ID NOs 14 and 12; (iv) an EcoRI-Kpnl fragment with primers in SEQ ID NOs 11 and 
15. All the three fragments are subcloned in pUC19 or pUC19Bgl and the DNA inserts are 
confirmed by DNA sequencing (see Example 1). The resulting plasmids are: 

0) 19/EcoRl-Sacl/SUC2t 

(ii) pUC19/Xbal-Sacl/SUC2t 

(Hi) pUC19/Bglll-Sacl/SUC2t 

(iv) pUC19/EcoRI-Kpnl/SUC2t 
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B , P5 . , ,„m inn rt r w - hi - h ° ncode [h " r " Pn rr " m "' Pf '" Sed '° 3 

„,mr i -r"""-° rt """ i °" finm ^ in "' * rF1 ACE1Q 

A 393 bp .seated version o. me conserve giyceraidehyde dehydrogenase promoter 
A 393 bp mine. ( ^ a , ,„ Herehberge r. 

=^^^-^--==== 

GAPCLp. 

^ ^ nwi r.nkPr (see SEQ ID NO 16). encoding the nuclear 

,ocataations,gnal(NLS> from the sm ^ ^ ^ 

499-509; and Neison « a,., McL Ce, B* ^ done „ re , erred 

me DNA insert is confirmed by sequenang (see Example 1). one 

to as pRH3. 

M h „ xhaiBolll ACE1C transcriptional activation domain from the yeast 
The -304 bp Xbal-Bglll ACEio v 2091-2099) Is 

trare crip.iona, abator ACE1 *™^J^Z*M*~*-" 
isoia.edasaPCRproduc.us.nghvopnmers^SEQiD ^ xba.-Bgltl 

pUCl 9Bgl/Xbal-Bglll/ACEc_3. 

„ uo . tKo oqa bD xbal-Bglll fragment from 
Tne -670 bp Sa,EcoRI fragment from pRH and ^ 3* * 9^ ^ ^ ^ 

Bgtll. Correct clones are contirmea oy apn' w 
done is referred to as pRH10C. 
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F*amp1e6: Construction of veast e xpression vectors for the expression of ACE1C : 

ylfAlDland ACE1C-v2(AIDl: 
y1(AID) and y2(AID) encode the autoinhibitory peptides of the yeast calcineurin catafytic 
subunits yCNA1 and yCNA2. 

The -1075 bp Sall-Bglll fragment from pRHIOC (see Example 5), the Bglll-Xbal fragment 
from either pUC19Bgl/Bglll-Xbal/y1(AID) or pUC19Bgl/Bgll1-Xbal/y2(AID) (see Example 3) 
and the -300 bp Xbal-Sacl fragment from P UCl9/Xbal-Sacl/SUC2t (see Example 4) are 
ligated to the vector pDP34 which has been completely digested with Sail and Sad. The 
plasmid pDP34 Is an E. coli-S. cerevisiae shuttle vector, which contains the complete S. 
cerevisiae 2-micron plasmid and encodes the S. cerevisiae URA3 and dLEU2 genes as 
yeast selection markers (Meyhack et a/., in Hershberger-CL; Queener-SW; Hegeman-G 
(ed.), Genetics and molecular biology of industrial microorganisms, 1989, p. 311-321. 
American Society for Microbiology, Washington, DC). After transformation in E. coii HB1 01 . 
DNA is prepared from 12 transformants. Analyses with Sall/Sacl and BamHI-SacI confirm 
the correct clones. Two such clones are referred to as P MH10 [encoding y1(AID)] and 
pCS 100 [encoding y2(AID)J. 

A control plasmid. which contains only NLS-ACE1C under the control of the GAPCLp. is 
prepared by ligating the -1075 bp Sall-Bglll fragment from pRHIOC (see Example 5) and 
the -300 bp Bgll»-Sacl fragment from pUC1 9/Bglll-Sacl/SUC2t (see Example 4) to the 
vector pDP34 which has been completely digested with Sail and Sad. The plasmW is 
named pRH14C (Rg. 1). 

Example 7: rnnstn.ction o f » expression vector for the expression of ACE1C- 

YifAir yfllvl-vifAim and AC F in.^AIDVfGrvVv2(AID>, encoding a fusion 
hetween the iranscription-artlvation doma in ACE1C and duplicate fragments 
nf the autoinhibitory doma ins of vCNA1 and yCNA2 
The -1075 bp Sall-Bglll fragment from pRHIOC (see Example 5) and the Bglll-Xbal 
fragments from either P UC19Bgl/Bglll-Xbal/y1(AID) or P UC19BgVBglil-Xbal^2(AlD) (see 
Example 3) are ligated to pUC19 which has been completely digested with Sail and Xbal. 
The two correct clones are named P UC19/Sall.Xbal/GAPFLp-NLS-ACE1C-y1(AID) or 
pUC1 9/Sall-Xbal/G APFLp-NLS-ACEl C-y2(AID). 
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Unphosphorylated linkers (encoding a stretch of four glycines) with SEQ ID NO 19 are 
ligated to Xbal digested pUC19/Sall-Xbal/GAPFLp-NLS-ACE1C-y1(AID) or pUC19/Sall- 
Xbal/GAPFLp-NLS-ACE1C-y2(AID). The ligated molecules are isolated on a 1% 
agarose/Tris-acetate gel. The fragments are isolated, purified by GeneClean (Bio 101, CA, 
USA) and re-annealed by incubating at 95°C followed by slow cooling to room temperature. 
The DNA obtained from HB101 transformants are analyzed on a 2% agarose gel. The 
clones which show a distinct increase in the molecular size of the Bglll-Xbal fragments from 
the ones obtained from the starting plasmids (see above, this Example) are named 
pUC19/Sall-Xbal/GAPFLp-NLS-ACE1C-y1(AID)-(Gry)4 and pUC1 9/Sall-Xbal/ GAPFLp-NLS- 
ACE1C-y2(AID)-(Gry)4. 

A second copy of yl(AID) is isolated as a Spel-Hindlll f ragment by PCR, using the primers 
in SEQ ID NOs 20 and 21 and the plasmid pUC1 9/Sall-Xbal/ GAPFLp-NLS-ACEIC-yl(AID) 
as template. This is subdoned along with a Hindlll-Sact yeast PH05 transcriptional 
terminator fragment in pBluescriptKS+. One correct clone Is referred to as 
pBluescriptKS+/Spel-Sacl/y1(AID)-PH05t. 

A second copy of y2(A!D) is isolated as a Spel-Sad fragment by PCR. using the primers in 
SEQ ID NOs 22 and 12 and the plasmid pCS100 (see Example 6) as template. This is 
subdoned in pBluescriptKS*. One correct done is referred to as pBluescriptKS+/Spel- 
Sacl/y2(AID)-SUC2t. 

The -1100 bp Sall-Xbal fragment from P UC19/Sall-Xbal/GAPFLp-NLS-ACE1C-y1(AID)~ 
(Gry) 4 and the Spel-Sad fragment from pBluescriptKS+/Spel-Sacl/y1(AID)-PH05t are 
ligated to the vector pDP34 which has been completer/ digested with Sail and Sad. After 
transformation in E. coti HB101, DNA is prepared from 12 transformants. Analyses wtth 
Sall/Sacl and BamHI-Sad confirm the correct clones. One such done is referred to as 
pMH1 1 (encoding two copies of y1(AID) linked by a glycine linker). 

The -1100 bp Sall-Xbal fragment from pUC1 9/Sall-Xbal/GAPFLp-NLS-ACE1 C-y2(AID)- 
(Gry) 4 and the Spel-Sad fragment from P BluescriptKS+/Spel-Sacl/y2(AID)-SUC2t are 
ligated to the vector pDP34 which has been completely digested with Sail and Sad. As 
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above, analyses with Sall/Sacl and 8amHI-Sacl confirm the correct dones. One such clone 
is referred to as pCS101 (encoding two copies of y2(AID) linked by a glycine linker). 

Example 8: Construction of hCNRA2 and hCNRA2A. the com plete and truncated genes 

pnrndin g the catalytic subunit of human caldneurin 
The 3' end (-1280bp) of the human gene (Guerini et at., Proc. Natl. Acad. Sd. USA (1989) 
86, 91 83-91 87) is isolated as two fragments (a -563 bp Ncol-Sacl fragment and a -71 3 bp 
Sacl-EcoRI fragment) from human fetal brain cDNA library (Stratagene) by PCR, using two 
pairs of primers with SEQ 10 NOs 23, 24 and 25. 26. They are subdoned in the modified 
pUC19Bgl vector pUC19bg_nc, in which an Ncol site has been introduced (with Ncol 
linkers; Boehringer) at the Smal site of pUC19Bgl (see Example 1). Four individual dones 
with -1280 bp inserts are sequenced (using the Applied Biosystems DNA sequencer 370A). 
One correct done is named pUC1 9bg_nc/Ncol-EcoRI/3'hCNRA2. 

The -300 bp 5' end (a Bglll-Ncol fragment) of hCNRA2 is constructed with two overlapping 
deoxyoligoribonucleotides (which are chemically synthesized using yeast-biased codons; 
see SEQ ID NOs 27 and 28). First, primer extension is performed which is followed by a 
PCR with primers (see SEQ iD NOs 29 and 30, which code for the sense and the anti- 
sense strand of the 5* and 3' ends of the -300 bp fragment). The Bglll-Ncol fragment is 
subdoned in pUC19bg_nc (see above; this Example). Six Individual dones with -300 bp 
inserts are sequenced (using the Applied Biosystems DNA sequencer 370A). One correct 
done is named pUC19bg_nc/Bglll-Ncol/5'hCNRA2. 

The complete hCNRA2 gene is assembled from the chemically synthesized -300 bp Bglll- 
Ncol fragment and the -1280 bp Ncol-EcoRI fragment by subdonlng in pUC18Bgl 
(constructed in the way pUC19Bgl is made; Example 1). Six individual dones are analyzed 
by restriction enzyme digests. One corred doned is named pKO10. 

The complete hCNRA2 gene (but lacking the DNA encoding the 2 amino adds at the 
N-terminus, Met 1 . Ala 2 ) is isolated as a Bglll-EcoRI fragment by PCR. using primers with 
SEQ ID NOs 31 and 32 and pKO10 as template. 
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The gene encoding the C-terminal truncated version of hCNRA2 (i.e. hCNRA2A). which 
lacks the autoinhibitory domain (and also the DNA encoding the N-terminal residues. Met 1 , 
Ala 2 ), is isolated as a Bglll-EcoRI fragment by PCR, using primers with SEQ ID NOs 31 and 
33 and pKOI 0 as template. 

Example 9: Construction nf two veast e xpression vectors for the expression of ACE1C- 
hfAlD^ and ACE1C-h(AIDWGlvVh(AIDV . h(MO) encodes the autoinhibitory 
pp ptiriP nf the human hrain calcine urin catalytic subunit hCNRA2 
Using the plasmid p uC19Bgl/Bglll-EcoRl/hCNRA2 as a PCR template, one copy of the 
autoinhibitoiy domain (Hubbard eta!.. Biochemistry (1989). 28, 1868-1874 and Hashimoto 
et aL, J. Biol. Chem. (1990), 165. 1924-1927) from hCNRA2 is isolated as a Bglll-Xbal 
fragment (the PCR primers are described in SEQ ID NOs 34 and 35). The ACEIC-h(AID) 
fusion and the expression plasmid (based on pDP34; see Example 6) is constructed, as 
described in Example 6. The plasmid is named pCS102. 

The second copy of h(AID) is isolated as a Spel-Sacl fragment using the primers with SEQ 
ID NOs 36 and 12 and P CS102 as template (similar to Example 7). The expression plasmid 
for ACE1C-h(AID)-(GIy) 4 -h(AID) in pDP34 is constructed in an identical manner to that of 
PCS101 (see Example 7). The plasmid Is named DCS103. 

Fyamnle 10: mnstmrtion of q RH1 the vector for expression of fusion genes between the 

HNA-bindino domain of ACE1 n.e. ACE1N) and a gene of interest 
The plasmid P TM9 (Munder et aL. Mol. Cell. Biol. (1992). 12. 2091-2099) is digested with 
EcoRI and Kpnl. The -4400 bp fragment is isolated on a 1% agarose gel and purified by 
GeneClean*. A -300 bp EcoRI-Kpnl fragment from P UC19/EcoRI-Kpnl/SUC2t (see 
Example 4) is ligated to the -4400 bp linearized fragment and transformed in E. coti. 
Analysis of transformants with EcoRI and Kpnl yielded a plasmid where the CYC1 
terminator in pTM9 is replaced by the SUC2 terminator fragment This plasmid is named 
pRH1 (Fig. 2) and is a vector which can be used for integration of any gene which is fused 
to ACE1N (the DNA-binding domain of the yeast transcription factor ACE1) into the yeast 
chromosome. 
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Example 11: Construction of veast expression vectors fo r the expression of ACE1N- 
vCNA1-PHQ5t. ACE1N-vCNA2-PHQ5t. ACE1 N-vCNA1 A-PHQ5t. ACE1N- 
vCNA2A-PHQ5t. ACE1 N-hCNRA2-SUC2t and ACE1 N-hCNRA2A-SUC2t in 
DRH1 

The subcloning of ACE1N-yCNA1-PH05t, ACE1 N-yCNA2-PH05t, ACE1N-yCNA1A-PH05t 
and ACE1N-yCNA2A-PH05t in pRH1 is performed in an identical manner. A Bglll-Hindlll 
fragment containing the complete yCNA1 or yCNA2 genes (or their truncated versions; 
Examples 1 and 2) and the Hindlll-Kpnl fragment of the yeast PH05 transcription terminator 
are ligated to pRH1 (see Example 10) which is completely digested with Bglll and Kpnl. 
Restriction enzyme analysis of DNA, obtained from E. coli transf ormants, reveals the correct 
clones. The plasmids are named pMH6, pMH7 (encoding ACE1 N-yCNA1 and ACE1N- 
yCNA1 A, respectively) and pMH21, pMH22 (encoding ACE1 N-yCNA2 and ACE1 N-yCNA2A, 
respectively) 

The Bglll-EcoRI fragments containing the hCNRA2 and hCNRA2A genes (see Example 8; 
both lacking the DNA encoding the N-terminal residues, Met 1 , Ala 8 ) are subdoned directly in 
Bglll-EcoRI digested pRH1. The plasmids are named pKOII, pK012 (encoding the 
ACE1 N-hCNRA2 and AC El N-hCNRA2A fusions, respectively). 

Example 12: Construction of a veast vector for ex p ression of vTPK1, the complete gene 

onmriin g the catalytic subunit of veast cAMP -deoendent protein kinase 
A -1200 bp Bglll-EcoRI fragment of the yTPK1 gene (the complete coding sequence; Toda 
et a/., Cell (1987), 50, 277-287) is isolated from the yeast genome by PCR using the 
primers with SEQ ID NOs 37 and 38. For the expression of yTPK1 as a ACE1 N-yTPK1 
fusion, the -1200 bp Bglll-EcoRI fragment of yTPK1 is subdoned in pRH1 (see Example 
10). One clone, which contains the correct insert (confirmed by restriction enzyme analysis 
and DNA sequencing) is named pSK1A. 
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BB ™ TPK1 i.e. -»™- "mnie.e nrn- CTCOdes ,he 

inhibitory p opKHft of vTPK1 

A _ ia80 bp BamHI-EcoRl .ragmen, of .he yeas. BCY1 gene (.he compie.e coding 
sequence. Toda e, a,.. Mo.. Ce, Bioi. (19B7). 7. 1371-1377, * isoia.ec , .rom .he yeas 
genome by PGR. using ft. pHmers ««h SEQ ID NOs 39 and 40. For ft. expre^on o. 
BCV1 as a ACE1CyBCY1 fusion, .he -1075 bp Saii-Bg,,. .ragmen, ,rom pRHIOC (see 
Example 5) .he -1260 bp BamHI-EcoRl .ragmen, o. .he yeas, BCY1 gene and fte -300 bp 
I ad ragmen. ,1 pUC^EcoRI-SaCSUCa (see Example 4, are ,iga,ed ,o,he 
vector pDP34 Ich has been compiefefy diges.ed «ft Sa>, and Sac.. One Cone. ««* 
conZfte correc. inser, (confirmed by res.Hc.ion enzyme ana*s* and DNA seguencng, 
is named pSK5. 

FY1m r " M nrf ^ Jc^r.Yi.Mu.! i n) n nd E CFir-RCYKM,,,? IP) 

^ r , ^ m. nrw .nnmems ending ,he Inhibit W 
( , n RCY1 — «— dnHfttnt. and a mu.a.ed 

pseudosubstrate) 

The -1075 bp Sa..-Bgm .ragmen, from pRHIOC (see Examp,e 5) and 
lers L — fing BCY1 <«HO> (SEQ » NO 4„. BCY1 (Mu.V.0 (SEQ 
: and BCYlUlO, (SEO ,0 NO 43) are »ga,ed * 

Xbal/GAPCLp-ACElC-BCY1(Mut2-ID). 

The exDression plasmids are named pSK26, pb»^£i ana A - Cir 

The expression pa BCYKMutVID)] and pSK22 [encoding ACE1C- 
BCY1(wl-ID)l, PSK21 [encoding ACElC-BCY1(Mun iujj a 

BCY1(Mut2-ID)]. 
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BCY1 (Mui2 ID), the gene fragments encoding the inhibitory peptides of yeast 
BCY1 foseudosubstrate and a mutated oseudos ubstrate): two copies linked 
hy glycine linkers 

The second copies of BCYI(wt-ID), BCY1(Mut1-ID) and BCY1 (Mut2-ID) are isolated by 
PCR using the primers (SEQ ID NOs 44 and 45), the templates being pSK26. pSK21 and 
pSK22. respectively. Expression plasmids in pDP34 are made as described in Example 7. 

Fvam plglS: isolation of the t hrPP fragments from human p70 s6 kinase ( P 70s6k), the 
rnmolete oenp a C-terminal truncated ve rsion of D 70s6k (p70s6kAC) and an 
M-tPrminal truncatPrl version o f p70s6k fp70s6kAN). for expression as fusion 
g pnps with ACE1N 

in order to obtain the genes encoding P 70s6k, P 70s6kAC and P 70s6kAN, for correct In- 
frame fusion with the DNA-binding domain of the yeast transcription activator ACE1. PCR is 
performed on the cDNA encoding the mrtogen-activated S6 kinase (i.e. P 70s6k) obtained 
from the rat liver (Kozma et ai. Proc. Natl. Acad. Sci. USA (1 990). 87, 7365-7369). The rat 
gene encodes a polypeptide identical to the human protein. Three pairs of deoxyoligoribo- 
nudeotides are used as primers (see SEQ ID NOs 45 and 46; 45 and 47 and 48 and 46). 

The genes, obtained as BamHI-Xbal/ BamHI-EcoRl fragments, are subcioned in pRH1 (see 
Example 10). The resulting plasmids are named pSK18 (encoding wild type (wt) P 70s6k), 
pSK6 (encoding P 70s6kAC) and pSK27 (encoding P 70s6kAN), respectively. 

Pyamnle 17: mnstn.ctlon of Y »**t passio n v~rtnrs for the expression of ACE1C-s6k(wt 
aid ) ACElC-sfikfMutl-AID^ a nd ACElC-s6k(Mut2-AlD): single copies of the 
n pnp fragments pnrodlno the a t 'tninhihitgrv peptides of human P 70 s6 kinase 
(wild tvoe. pseudosubstre tp and a mutated pseudosubstrate) 
The Bglll-EcoRI -312 bp fragments, containing the wild type or mutated autoinhibitory 
peptide sequences (Banerjee. et a/.. Proc. Natl. Acad. Sci. USA (1990). 87. 8550-8554) are 
subcioned in the context of the activation domain of the yeast transcriptional activator ACE1 
in the expression vector pDP34 (as in Example 6). The pair of deoxyoligoribonucleotides 
with SEQ ID NOs 49 and 46 are used to isolate the wild type (wt) and the two mutated 
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sequences as Bglll-EcoRI fragments. The resulting plasmids are named pSK11 (wt). 
pSK1 3 (Mut1) and pSK1 2 (Mut2). 

:rrrrr:=.r:™ z 

21 A -Ll-A,D seance ( F erraH - X ■* -en, (,993). m 1S0S1- 
™Z ^Ireas in MuG-AID the Ser/Thr residues are replaced by me acidic am,no acds 
SW Asp (Flotow el SL J. Biol. Chem. (1992). 267. 3074-3078). 

. /^ m «ncinn the above -312 bp fragment and a 5* extension 
A Bglll-EcoRI -513 bp fragment (comprising the aDove v y 

ol - 200 bp, * sunned by PCR .rem me w. gene and me mu,a,ed seo. u en«s. 
encode m luU-AID and Mu^-AID muta.ions. The pair o, deoxyoUgonbonucieoUdes 

E^menfs. They are Coned as ACE1C fusions in pDP34 as detailed ,n Example 6. 
They are referred to as pSK8 (wl). pSK10 (MutD and pSK9 (MuS>). 

^- r -«. ~^ - r— — lnn ^ p7 ° sSkAQ ^ 

A -670 bp Sall-BglH .ragmen, (containing me GAPCL promoter) Is dieted from pRH2 (see 
Example S) by PCR using the primers with the SEQ ID NOs 51 and 52. 

. »k« namwuxbal/ BamHI-EcoRI fragments (encoding the 
sequences of P 70s6k, P 70s6kAC P ^ djgeste{J 

^nrrrr^-- — 

PSK18 (encoding p70s6kAC) and pSK28 (encoding p70s6kAN). 

in cells harboring pSK18 and pSK28. Howeve , 

iatter is the same as in cells expressing full length P 70S6k. 
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Example 19: Chromosomal integration of ACE1N fusion oenes in the veast strain TFY2 
The Bio-Rad gene pulser is employed for transformation of yeast cells (see Table 1) by 
electroporation (Methods. Enzymol. (1991), 194, 182-187). The strain TFY2 (Mata his ura3- 
52 tro1-285 acel LEU2 ::YipCL CUP1) (Munder etal., Mol. Cell. Biol. (1992), 12, 2091-2099) 
is used for all integrations of ACE1N-gene fusions into the yeast chromosome. Correct 
gene integration and gene replacement events are verified by PCR with primers flanking the 
insertion sites. Subsequently, the amplified fragments are analyzed by agarose gel 
electrophoresis. 



TABLE 1: (Yeast strains used) 



Fusion 


Strain 


Genotype 




TFY2 


Mata his ura3-52 tro1-285 acel LEU2::YipCL CUP1 f 


ACE1 N-yCNA1 


CNY1 


Mata his ura3-52 acel LEU2::YipCL CUP1 f TRP1 ::pMH6 


ACE1N-yCNA1A 


CNY2 


Mata his ura3-52 acel LEU2::YipCL CUP1 f TRP1::pMH7 


ACE1 N-yCNA2 


CNY3 


Mata his ura3-52 acel LEU2::YlpCL CUP1 r TRP1 ::pMH21 


ACE1 N-yCNA2A 


CNY4 


Mata his ura3-52 acel LEU2::YipCL CUP1TRP1 ::pMH22 


ACE1 N-hCNRA2 


CNY5 


Mata his ura3-52 acel LEU2::YIpCL CUPI'TRPI ::pKQ1 1 


ACE1 N-hCNRA2A 


CNY6 


Mata his ura3-52 acel LEU2::YipCL CUP1'TRP1 ::pK012 


ACE1N-yTPK1 


CNY7 


Mata his ura3-52 acel LEU2::YJdCL CUPl'TRP1::pSK1A 


ACE1N-yp70s6k 


CNY8 


Mata his ura3-52 acel LEU2::YipCL CUP1'TRP1::pSK18 


ACE1N-yp70s6kAC 


CNY9 


Mata his ura3-52 acel LEU2::YipCL CUP1 r TRP1::pSK6 


AC0E1N-yp70s6kAN 


CNY10 


Mata his ura3-52 acel LEU2::YlpCL CUP1 r TRP1 ::pSK27 



Example 20: Yeast transformations with plasmids. i n strains harboring gene fusions with 
ACE1N 

Yeast strains harboring ACE1N gene fusions are transformed with plasmids bearing the 
different ACE1C fusions as described in Example 19. The transformants are depicted in 
Table 2. 



TABLE 2: plasmids and the corresponding strains used for creating protein-interactions 
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Plasmid > 


\CE1C fusion ^ 

£ 


feast ^ 
train t 


'east C 
ransformant C 


arowth in p 


-gai I 

ictivity 


pMH10 


/1(AID) < 


:nyi c 


:nyh ^ 


V 




pMH11 


/1(AID)-Gly 4 -y1(AID) 


:nyi < 


:nyi2 




M- I 


pRH14C 


_ 


CNY1 


3NY13 






pMH10 


y1(AID) 


CNY2 


CNY14 


rtd 


nd J 


pMH11 


y1(AID)-Gly 4 -y1(AJD) 


CNY2 


CNY15 


nd 


nd I 


pRH14C 




CNY2 


CNY16 


nd 


nd | 


pCS 100 


y2(AIO) 


CNY3 


CNY17 


nd 


nd | 


PCS101 


y 2(AID)-Gry 4 -y2(AID) 


CNY3 


CNY18 


nd 


nd | 


pRH14C 


. 


CNY3 


CNY19 


nd 


nd | 


pCS100 


y2(AID) 


CNY4 


CNY20 


nd 


nd | 


PCS101 


y2(AID)-Gly4-y2(AID) 


CNY4 


CNY21 


nd 


nd I 


pRH14C 


. 


CNY4 


CNY22 


nd 


nd | 


DCS102 


h(AlD) 


CNY5 


CNY23 


nd 


nd | 


pCS103 


h(AID)-Gry 4 -h(AID) 


CNY5 


CNY24 


nd 


nd | 


pRH14C 


. 


CNY5 


CNY25 


nd 


nd I 


.pGS.101 


h(AID) 


CNY6 


CNY26 


nd 


nd | 


pCS103 


h(AID)-Gly4-h(AID) 


CNY6 


CNY27 


nd 


nd | 


pRH14C 




CNY6 


CNY28 


nd 


nd | 


pSK5 


BCY1 


CNY7 


CNY29 


++ 


++ I 


pSK26 


BCYI(wt-ID) 


CNY7 


CNY30 




+/• I 


pSK21 


BCY1(Mut1-ID) 


CNY7 


CNY31 




+ I 


pSK23 


BCY1(Mut1-ID)-Gly4- 
(Mut1-ID) 


CNY7 


CNY32 


++ 


++ J 


pSK22 


BCY1(Mut2-IO) 


CNY7 


CNY33 






pSK24 


BCY1(Mut2-ID)-Gly4* 
(Mut2-ID) 


CNY7 


CNY34 






pSK11 


312bp wt(AID) 


CNY8 


JCNY35 


+ 
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pSK13 


312bp Mut1 (AID) 


CNY8 


CNY36 


■M- 




pSK12 


312bp Mut2(AID) 


CNY8 


CNY37 


- 


- 


pSK8 


513bp wt(AID) 


CNY8 


CNY38 


+ 




pSK10 


513bp Mutl(AID) 


CNY8 


CNY39 






pSK9 


513bp Mut2(AID) 


CNY8 


CNY40 






pSK11 


312bp wt(AID) 


CNY9 


CNY41 




- 


pSK13 


312bp Mutl(AID) 


CNY9 


CNY42 




- 


pSK12 


312bp Mut2(AID) 


CNY9 


CNY43 




- 


pSK8 


513bp wt(AID) 


CNY9 


CNY44 




- 


pSK10 


513bp Mutl(AID) 


CNY9 


CNY45 




- 


pSK9 


513bp Mut2(AID) 


CNY9 


CNY46 




- 


pSK11 


312bp wt(AID) 


CNY10 


CNY47 






pSK13 


312bp Mutl(AID) 


CNY10 


CNY48 






pSK12 


312bp Mut2{AID) 


CNY10 


CNY49 






pSK8 


513bp wt(AiD) 


CNY10 


CNY50 






PSK10 


513bp Mutl(AID) 


CNY10 


CNY51 






pSK9 


513bp Mut2(AID) 


CNY10 


CNY52 







nd = not determined 



Example 21: Assay for cooper resistance: inductio n of metallothionein expression 
Equal numbers of celts are spotted onto SD-agar plates (2 % glucose, 0.67 % yeast 
nitrogen base without amino acids, 2 % agar) containing (a) no CuSO* (b) 100 \lM CuS0 4 
and (c) 200 nM CuSO, (Munder et at., Mot. Cell. Biol. (1992), 12, 2091-2099). The results 
are portrayed in Table 2. 

Example 22: p-galactos idase assay 

Yeast cells (Example 19) are grown in YPD medium (1 % bacto-yeast extract, 2 % bacto- 
peptone. 2 % glucose) for 1 7 h at 3<TC. Cells are first washed In SO medium (0.67 % yeast 
nitrogen base without amino acids, 2 % glucose) and then the transcription of the reporter 
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gene is induced. Induction and permeabilization of cells are performed as described 
previously (Furst et a/.. Cell (1988). 55. 705-717). p-galactosidase activity, measured as 
o-nitropheny.-p-D-galacto-pyranoside hydrolysis at 420 nm, is normalized to cell culture 
density and expressed as arbitrary units. The activity in the control strains, harbonng the 
plasmid pRH14C, is set to the value 1 . The results are portrayed in Table 2. 

Pysmn.* Di S n T "™ nmteln-oe nt i rle i nteractio ns with .mall organic compounds 
Cells are initialty grown in YPD, as in Example 22. After washing in SD, cells are 
preincubated with small organic compounds (dissolved in dimethyl suboxide and 10-20 
umolar in final concentration) for 90 min at 30«C. Later, p-galactosidase actrvity • 
measured, exactly as in Example 22. 

a -a* n^ r -- " nmrnin-nentide interaction In CNY1S with the 

immunosuppressants c yHnsnnrin A and FK506 
Three individual transformants from CNY1S (see Table 2) are grown in YPD, as in Example 
22 in the strains, interaction between y1CNA1D (yeast calcineurin isozyme 1 from whK* 
me C-termina. autoinhibitory domain is deleted) and y1(A.D)-G.y.-y1<AID) [the autoinhibitory 
domain of the same enzyme; two copies linked by 4 gfydnes) are established. After 
washing in SD, cells are preincubated with cyclosporin A (CsA; final concentrations: 0. 5 
and 10 & ml) and FK506 (final concentrations: 0, 0.5 and 1 pgr ml) for 15 h at WC. Later, 
p-galactosidase activity is measured, as in Example 22. As contro.. three individual 
transformants from CNY16 (see Tabte 2) are used. The resutts. an average of three 
transformants (in dupUcate). are depicted in Table 3. The units shown are arb,U*y (see 
Example 22). 

TABLE 3. Disruption of the protein-peptide interaction in CNY15 
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Strain 


Compound 


Final concentration 
in \igf ml 


Relative (J-Galactosidase 
units 


CNY1 5 


CsA 


o 


3 


CNY15 




5 


1.8 


CNY15 


CsA 


10 


1 


CNY15 


FK506 


0 


3 


CNY15 


FK506 


0.5 


1.6 


CNY15 


FK506 


1 


1 


CNY16 


CsA/ FK506 


0 


1 


CNY16 


CsA/ FK506 


5/0.5 


0.95 


CNY16 


CsA/ FK506 


10/1 


0.92 
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SEQUENCE LISTING 
(1) GENERAL INFORMATION: 

(i) APPLICANT: 

(A) NAME: CIBA-GEIGY AG 

(B) STREET: Klybeckstr. 141 

(C) CITY: Basel 

(E) COUNTRY: Switzerland 
<F> POSTAL CODE (ZIP) : 4002 

(G ) TELEPHONE: +41 61 69 11 H 

(H) TELEFAX : ♦ 41 61 696 79 76 

(I) TELEX: 962 991 

(ii) TITLE OF INVENTION: Dual hybrid system 
(iii) NUMBER OF SEQUENCES: 52 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC conpatible 

(C ) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Versxon #1.25 CEPO, 
(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
ID) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



<ix) FEATURE: 

(A) NAME/KEY: misc_feature 
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(B) LOCATION: 3.-8 

(D) OTHER INFORMATION: /function* "Bglll site" 

(ix) FEATURE: 

(A) NAME /KEY: mat .peptide 

(B) LOCATION: 10.. 28 

(D) OTHER INFORMATION: /function* "PCR fragment" 
/note* -fragment of yest CNAl gene" 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

ATAGATCTAA TGTCGAAAGA CTTGAATT 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME/KEY: misc_f eature 

(B) LOCATION: 3.-8 

(D) OTHER INFORMATION: /function* "Hindll site" 

(ix) FEATURE: 

(A) NAME/KEY: mat .peptide 

(B) LOCATION: complement (9. .30) 

(D) OTHER INFORMATION : /function* "PCR fragment" 

/note= "5* end anti-sense strand of conding 
sequence of yeast CNAl" 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 



WO 96/03501 



PCTAEP95/02724 



-33- 



ATAAGCTTTC ACAGTTGTGG CTTTTTCTCC 
(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(D> TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic 



(ix) FEATURE: 

(A) NAME /KEY : misc_f eature 

(B) LOCATION: 3.. 8 

(D) OTHER INFORMATION: /function* -Bglll site" 



(ix) FEATURE: 

(A) NAME /KEY: mat_peptide 

(B) LOCATION: 10.. 29 

<D) OTHER INFORMATION: /function* "PCR primer- 
/note= -fragment of yeast CNA2 gene" 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 



ATAGATCTAA TGTCTTCAGA CGCTATAAG 
(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME /KEY: misc_f eature 

(B) LOCATION: 3.. 8 

(D) OTHER INFORMATION: /function* "HindHI site" 

(ix) FEATURE: 

(A) NAME/KEY: mat_peptide 

(B) LOCATION: complement (9.. 30) 

(D) OTHER INFORMATION: /function "PCR fragment" 
/note* "5- end anti-sense strand of coding 
sequence of CNA2" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

ATAAGCTTCT ATTTGCTATC ATTCTTTGCA 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME/KEY: misc_f eature 

(B) LOCATION: 3.. 8 

(D) OTHER INFORMATION: /function "HindHI site" 

(ix) FEATURE: 

(A) NAME/KEY: mat_jpeptide 

(B) LOCATION: complement (9.. 30) 
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(D) OTHER INFORMATION: /function -PCR primer" 

mote- -5' anti-sense strand of coding sequence of 
CNAl delta" 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

ATAAGCTTCT ACAAACCTTC AGTCCCACGA 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

<ix) FEATURE: 

(A) NAME/KEY: misc_f eature 

(B) LOCATION: 3.-8 

(D) OTHER INFORMATION: /function= "HindHI site' 

(ix) FEATURE: 

(A) NAME/KEY: mat_peptide 

(B) LOCATION: complement 19.. 31) 

(D) OTHER INFORMATION : /function "PCR primer- 

/note= "5- end anti-sense strand of coding 
sequence of CNA2 delta" 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

ATAAGCTTCT ATAAACCCTT TACACCATTA G 

(2) INFORMATION FOR SEQ ID NO: 7: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME /KEY: misc_f eature 

(B) LOCATION: 3.. 8 

(D) OTHER INFORMATION: /funCtion= "Bglll site" 

(ix) FEATURE: 

(A) NAME/KEY: mat_peptide 

(B) LOCATION: 10.. 28 

(D) OTHER INFORMATION: /functions "PCR primer" 
/note* -fragment of yl (AID) from CNA1" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

ATAGATCTGG GTTTGAATGA AACGCTAA 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME/KEY: misc_f eature 

(B) LOCATION: 3.-8 
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(D) OTHER INFORMATION: /function= "XbaX site" 

(ix) FEATURE: 

(A) NAME /KEY : mat_pept ide 

(B) LOCATION: complement (9.. 26) 

(D) OTHER INFORMATION : /function "PGR primer" 

/note= -5' end anti-sense strand of coding 
sequence of yl(AID) from CNAl" 

<xi> SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

TATCTAGACT TTAATATTTT TTCGTA 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME/KEY: misc__f eature 

(B) LOCATION: 3.. 8 

(D) OTHER INFORMATION : /function- . -BglH site" 

(ix) FEATURE: 

(A) NAME/KEY: mat_peptide 

(B) LOCATION: 10.. 29 _ 
(D, OTHER INFORMATION : /function- "PCR primer 

/note- -fragment of y2 (AID) from CNA2" 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
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ATAGATCTGG GTTTAGATGA AGCCCTGTC 
(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME/KEY: misc_f eature 

(B) LOCATION: 3.. 8 

(D) OTHER INFORMATION: /functions "Xbal site" 

(ix) FEATURE: 

(A) NAME/KEY: mat_pept ide 

(B) LOCATION: complement (9.. 28) 

(D) OTHER INFORMATION: /function* "PCR fragment - 
/note= -5' end anti-sense strand of coding 
sequence of y2 (AID) ■ 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

ATTCTAGATT TCTGCCAAAC TTTTTCGT 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME /KEY: misc_f eature 

(B) LOCATION: 3.. 8 

(D) OTHER INFORMATION: /functions "EcoRI site" 



(ix) FEATURE: 

(A) NAME/KEY: terminator 

(B) LOCATION: 9.. 28 

(D) OTHER INFORMATION : /standard_name= "SUC2 terminator" 
/note= -fragment for PCR* 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

, 28 

ATGAATTCAG GTTATAAAAC TTATTGTC 



(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(ix) FEATURE: 

(A) NAME /KEY: misc_f eature 

(B) LOCATION: 3.. 8 

(D) OTHER INFORMATION: /functions "Sad site" 



FEATURE: 

(A) NAME /KEY: terminator 

(B) LOCATION: complement (9.. 26) 

(D, OTHER INFORMATION: /standard_name= -SUC2 terminator- 
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/note= "Anti-sense strand fragment for PCR" 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

26 

TAGAGCTCGG TCCATCCTAG TAGTGT 
(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix> FEATURE: 

(A) NAME/KEY: misc_feature 

(B) LOCATION: 3.-8 

(D) OTHER INFORMATION : /funCtion= "Xbal site" 

(ix) FEATURE: 

(A) NAME/KEY: terminator 
<B) LOCATION: 9.. 28 

(D) OTHER INFORMATION : /standard_name= "SUC2 terminator 
/note= -fragment for PCR" 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

ATTCTAGAAG GTTATAAAAC TTATTGTC 

(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 
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(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(ix) FEATURE: 

(A) NAME/KEY: misc_f eature 

(B) LOCATION: 3.-8 

(D) OTHER INFORMATION: /function= -Bglll" 



(ix) FEATURE: 

(A) NAME /KEY: terminator 

(B) LOCATION: 9.. 28 

(D ) OTHER INFORMATION : /standard_naioe= -SUC2 terminator 
/note= "fragment for PCR" 



(xi) SEQUENCE DESCRIPTION: SEQ ID 
ATAGATCTAG GTTATAAAAC TTATTGTC 
(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic] 



(ix) FEATURE: 

(A) NAME/KEY: misc_f eature 

(B) LOCATION: 3.-8 

(D> OTHER INFORMATION: /function "Kpnl site" 



(ix) FEATURE: 



WO 96/03501 



PCT/EP95/02724 



-42- 



(A) NAME /KEY : terminator 

(B) LOCATION: complement (9.. 26) 

(D , OTHER INFORMATION: /standard_nanve= "SUC2 terminator- 
/note= -anti-sense fragment for PCR" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

26 

TAGGTACCGG TCCATCCTAG TAGTGT 
(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 78 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

<ii> MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME/KEY : misc_feature 

(B) LOCATION: 1..4 

(D ) OTHER INFORMATION: /function- -EcoRl Site" 

(ix) FEATURE: 

(A) NAME/KEY: misc_feature 

(B) LOCATION: complement (75.. 78) 

(D) OTHER INFORMATION: /function "Spel site" 

(ix) FEATURE: 

(A) NAME/KEY: misc_feature 

; B D ; ZZZZZL. **~ -ense ana 

of nudear XocaUzation signal o t SV40 T ancxgene 
using yeast codons" 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
AATTCATGGA CAAGGTCTTC AGAAACTCTT CCAGAACTCC ACCAAAGAAG AAGAGAAAGG 60 

78 

TTGAAGACCC AGCACTAG 
(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME/KEY: misc_f eature 

(B) LOCATION: 3.. 8 

(D) OTHER INFORMATION: /function* "Xbal site" 

(ix) FEATURE: 

(A) NAME/KEY: mat_peptide 

(B) LOCATION: 10.. 26 

(D) OTHER INFORMATION: /function* "PCR fragment" 

/note= "yeast ACE1 transcription activation domain 
fragment" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

2i 

TATCTAGAGG ACGTTCTTTT GGGCCT 
(2) INFORMATION FOR SEQ ID NO: 18: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 29 base pairs 
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(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME /KEY : misc_feature 

(B) LOCATION: 3.-8 

(D) OTHER INFORMATION: /functions "Xbal site' 

(ix) FEATURE: 

(A) NAME/ KEY: mat_peptide 

(B) LOCATION: complement (11.. 29) 

(D) OTHER INFORMATION: /function- -PCR fragment" 

/note= -5 1 ant i- sense strand of ACE1 transcript i 
activation domain" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

TAAGATCTGC TTGTGAATGT GAGTTATGC 

(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME/KEY: misc_feature 

(B) LOCATION: complement (1..4) 

(D) OTHER INFORMATION: /function- "Xbal site" 
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(ix) FEATURE: 

<A) NAME / KEY : misc_£ eature 
(B) LOCATION: 19.. 22 

(D ) OTHER INFORMATION: /function* "Xbal site" 

(ix) FEATURE: 

(A) NAME /KEY: mat_peptide 

(B) LOCATION: 6.. 17 . , • 

(D , OTHER INFORMATION : /function "Glycine linker 

( xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

22 

CTAGTGGTGG CGGTGGCTGA TC 
(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii ) MOLECULE TYPE: DMA (genomic) 

(ix) FEATURE: 

(A) NAME/KEY: misc_f eature 

(B) LOCATION: 3.-8 ^ 
(D) OTHER INFORMATION : /function- -SpeX site 

(ix) FEATURE: 

(A) NAME /KEY: mat_peptide 

(B) LOCATION: 9.. 27 

(D) OTHER INFORMATION: /function* "PCR fragment 

/note= -sense strand of yl(AID) (second copy) from 
yeast CNA1" 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

27 

ATACTAGTGG TTTGAATGAA ACGCTAA 

(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 
IA) LENGTH : 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA {genomic) 

(ix) FEATURE: 

(A) NAME/KEY: misc_f eature 

(B) LOCATION: 3.. 8 

(D) OTHER INFORMATION: /function= "HindHI" 

(ix) FEATURE: 

(A) NAME/KEY: mat_peptide 

(B) LOCATION: complement (9.. 30) 

(D) OTHER INFORMATION: /function* "PCR fragment" 

/note= -5' anti-sense strand of coding sequence of 
yl(AlD) (for second copy) from yeast CNAl- 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 

ATAAGCTTTC ACTTTAATAT TTTTTCGTAG 

(2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 
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(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME/KEY: misc_feature 

(B) LOCATION: 3.-8 

{D ) OTHER INFORMATION: /function* "Spel Site" 

(ix) FEATURE: 

(A) NAME /KEY: mat_peptide 

(B) LOCATION: 9.. 29 

(D ) OTHER INFORMATION : /function -PCR fragment 

/note- -fragment of y2 (AID) (second copy) from 
CNA2- 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 
ATACTAGTGG ATTCTCTCCA CCACATAGA 
(2) INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME/KEY: mat_peptide 

(B) LOCATION: 3.. 24 

Co, OTHER INFORMATION : /function "PCR fragment 
/note, -fragment of human CNRA2 gene 
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(ix) FEATURE: 

(A) NAME /KEY : misc_f eature 

(B) LOCATION: 11.. 16 

(D) OTHER INFORMATION: /function "NCOl s: 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 
GTGGTGACAT CCATGGCCAA TTTT 
(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(ix) FEATURE: 

(A) NAME/KEY: mat_peptide 

IB) LOCATION: complement (1..25) 

(D) OTHER INFORMATION: /function- "PCR primer" 

/note= -anti-sense fragment of coding sequence 
human CNRA2 gene" 



(ix) FEATURE: 

(A) NAME/ KEY : misc_f eature 

(B) LOCATION: 3.. 8 

(D) OTHER INFORMATION: /function- "Sad site" 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 



ATGAGCTCTA ATAATCGATA ACAAA 
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(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME/KEY: mat_peptide 

(B) LOCATION: 1..25 

(D ) OTHER INFORMATION: /function "PCR fragment 
/note* -fragment of human CNRA2 gene" 

(ix) FEATURE: 

(A) NAME/KEY: misc_feature 
(B> LOCATION: 5.. 10 

{D) OTHER INFORMATION: /function "NCOl Slte" 
( Xi ) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 
ATTAGAGCTC ATGAAGCTCA AGATG 
(2) INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 47 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(ix) FEATURE: 



WO 96/03501 



PCT/EP9S/02724 



-50- 



(A) NAME/KEY: mat_peptide 

(B) LOCATION: complement (9.. 47) 

(D) OTHER INFORMATION: /functions "PCR fragment - 

/note= "anti-sense strand of sequence coding for 
human CNRA2 gene" 

(ix) FEATURE: 

(A) NAME/KEY: misc_f eature 

(B) LOCATION: 3.. 8 

(D) OTHER INFORMATION: /function= "ECORI Site" 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 
ATGAATTCTCA CTGGGCACTA TGGTTGCCAG TCCCGTGGTT CTCAGT 47 
(2) INFORMATION FOR SEQ ID NO: 27: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 165 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME/ KEY: mat .peptide 

(B) LOCATION: 1..165 

(D) OTHER INFORMATION: /function= 'PCR fragment" 

/note= "coding for first 55 amino acids of hCNRA2" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 

ATGGCTGCTC CAGAACCAGC TAGAGCTGCA CCACCACCAC CTCCACCACC TCCACCACCT 60 

CCAGGTGCTG ACAGAGTCGT CAAAGCTGTC CCTTTCCCAC CAACACATCG CTTGACATCT 120 
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GAAGAAGTAT TTGATTTGGA TGGGATACCC AGGGTTGATG TTCTG 165 
(2) INFORMATION FOR SEQ ID NO: 28: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 165 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

<ii> MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME /KEY: mat .peptide 

(B) LOCATION: 9. .161 

(D ) OTHER INFORMATION: /function= "PCR fragment" 

/note- -anti-sense strand of of coding sequence of 
human CNR2 gene (yeast-biased codons)" 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28: 

CCATGGATGT CACCACACAC TGTGATTGGA GCTTCTACTT CTATCATGGT TTTCTCTCTC 60 

CGAAGGATGG CAGCACCCTC ATTGATAATT CTAAGCGCAA TTTCTTCATC TACTCGACCT 120 

TCTTTCACCA AGTGGTTCTT CAGAACATCA ACCCTGGGTA TCCCA 

(2) INFORMATION FOR SEQ ID NO: 29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



165 
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(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME /KEY: misc_f eature 

(B) LOCATION: 3.. 8 

(D) OTHER INFORMATION: /function= "Bglll site" 

(ix) FEATURE: 

(A) NAME/ KEY : mat_peptide 

(B) LOCATION: 10.. 29 

(D) OTHER INFORMATION: /functions "PCR fragment" 
/note= -fragment of human hCNRA2" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29: 

ATAGATCTCA TGGCTGCTCC AGAACCAGC 

(2) INFORMATION FOR SEQ ID NO: 30: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii> MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME /KEY: mat_J?eptide 

(B) LOCATION: complement (2.. 24) 

(D) OTHER INFORMATION: /function "PCR fragment" 
/note= -anti-sense strand of human CNRA2" 

(ix) FEATURE: 

(A) NAME/KEY: misc_feature 
(B> LOCATION: 6.. 11 
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: /funccion= "Ncol sice" 



(D) OTHER INFORMATION 
SEQUENCE DESCRIPTION: SEQ ID NO: 30: 



ATTGGCCATG GATGTCACCA CACA 
(2) INFORMATION FOR SEQ ID NO: 31: 

(i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic! 



Ux) FEATURE: 

(A) NAME/KEY: misc_f eature 
<B) LOCATION: 3.-8 

(D) OTHER INFORMATION: /funCtion= "BglH site" 

(ix) FEATURE: 

(A) NAME/KEY: mat_peptide 

(B) LOCATION: 10.. 29 

(D) OTHER INFORMATION : /function- "PCR primer" 
/note= "fragment of human CNRA2 gene- 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31: 

ATAGATCTTG CTCCAGAACC AGCTAGAGC 

(2) INFORMATION FOR SEQ ID NO: 32: 

(i) SEQUENCE CHARACTERISTICS : 
(A) LENGTH: 28 base pairs 
iB) TYPE: nucleic acid 
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(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME/ KEY : misc_f eature 

(B) LOCATION: 3.. 8 

(D, OTHER INFORMATION : /function "EcoRI Site" 

(ix) FEATURE: 

(A) NAME/KEY: mat_peptide 

(B) LOCATION: complement (9.. 28) 

(D) OTHER INFORMATION : /function "PCR fragment" 

/note= -5' end of anti-sense strand of human CNRA2 
gene" 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 32: 
ATGAATTCTC ACTGGGCAGT ATGGTTGC 
(2) INFORMATION FOR SEQ ID NO: 33: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
ID) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME/KEY: misc_feature 

(B) LOCATION: 3.. 8 ^ 
(D , OTHER INFORMATION : /function* "EcoRI site 
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(ix) FEATURE: 

(A) NAME /KEY : mat_J?eptide 

(B) LOCATION: complement (9.. 29) 

(D ) OTHER INFORMATION: /function= "PCR fragment" 

/note= '5' end of ant i- sense strand of human CNRA2 
delta" 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33: 

2' 

ATGAATTCTC ATATTGCTTT TTCAGCCTC 
(2) INFORMATION FOR SEQ ID NO: 34: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME/KEY: misc.feature 

(B) LOCATION: 3. .8 

(D) OTHER INFORMATION: /function- "BglH Site' 

(ix) FEATURE: 

(A) NAME/KEY: mat_peptide 

(B) LOCATION: 10.. 29 

(D > OTHER INFORMATION: /function= "PCR fragment" 

/note- "fragment of h (AID) from human CNRA2 gene 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34: 



ATAGATCTAG GATTCTCTCC ACCACATAG 
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(2) INFORMATION FOR SEQ ID NO: 35: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME /KEY : misc_f eature 

(B) LOCATION: 3.-8 

(D) OTHER INFORMATION: /functions "Xbal site" 

(ix) FEATURE: 

(A) NAME/KEY: mat_pept ide 

(B) LOCATION: complement (9.. 29) 

(D) OTHER INFORMATION: /functions "PCR fragment - 

/ note - -s ■ end of anti-sense strand of coding 
sequence of y2 (AID) from human CNA2 gene" 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 35: 

ATTCTAGAAT CTTGCTGTAC AGCATCTTT 

(2) INFORMATION FOR SEQ ID NO: 36: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
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(ix) FEATURE: 

(A) NAME /KEY : misc_f eature 

(B) LOCATION: 3.. 8 

(D) OTHER INFORMATION: /function* -Spel site" 

(ix) FEATURE: 

(A) NAME/KEY: mat_peptide 

(B) LOCATION: 9.. 29 

CD) OTHER INFORMATION: /function* "PCR fragment 

/note* -fragment of h ( AID) , (second copy) from 
human CNRA2 gene" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 36: 

ATACTAGTGG ATTCTCTCCA CCACATAGA 

(2) INFORMATION FOR SEQ ID NO: 37: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii ) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME/ KEY: misc_f eature 

(B) LOCATION: 3.-8 ^ 
(D) OTHER INFORMATION : /function -BglH Site 

(ix) FEATURE: 

(A) NAME/KEY: mat_peptide 

(B) LOCATION: 10.. 30 

(D , OTHER INFORMATION : /function* -PCR fragment 
/note- -fragment of yeast TPKl gene- 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 37: 
ATAGATCTTA TGTCGACTGA AGAACAAAAT 
(2) INFORMATION FOR SEQ ID NO: 38: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME/KEY: misc_£eature 

(B) LOCATION: 3.. 8 

(D) OTHER INFORMATION: /functions "Hindlll site" 

(ix) FEATURE: 

(A) NAME/KEY: mat .peptide 

(B) LOCATION: complement (9..28) 

(D) OTHER INFORMATION: /£unction= "PCR. fragment" 

/note= "5' end of ant i sens strand of coding 
sequence of yeast TPK1 gene" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 38: 

ATGAATTCTT AGAAGTCCCG GAAAAGAT 

(2) INFORMATION FOR SEQ ID NO: 39: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 
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(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME /KEY: misc_feature 

(B) LOCATION: 3.. 8 

(D) OTHER INFORMATION: /functions "BamHl sice" 

(ix) FEATURE : 

(A) NAME/KEY: mat_peptide 

(B) LOCATION: 10.. 29 

(D) OTHER INFORMATION: /functions ■ PCR fragment " 
/note= "fragment of yeast BCY1 gene" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 39: 

ATGGATCCGA TGGTATCTTC TTTGCCCAA 

(2) INFORMATION FOR SEQ ID NO: 40: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME/KEY: misc_feature 

(B) LOCATION: 3.. 8 

(D) OTHER INFORMATION: /functions "EcoRI site" 



(ix) FEATURE: 
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(A) NAME /KEY : mat_peptide 

(B) LOCATION: complement (9.. 28) 

(D) OTHER INFORMATION: /function= "PCR fragment* 

/note= "5- end of anti-sense strand of coding 
sequence of yeast BCY1 gene" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 40: 

ATGAATTCTT AATGTCTTGT AGGATCAT 

(2) INFORMATION FOR SEQ ID NO: 41: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME/KEY: misc_feature 

(B) LOCATION: 1..5 

(D) OTHER INFORMATION: /function* -Bglll site" 

(ix) FEATURE: 

{A) NAME/KEY: misc_feature 

(B) LOCATION: complement (67.. 71) 

(D) OTHER INFORMATION: /function= "Xbal site" 

(ix) FEATURE: 

(A) NAME/KEY: mat_peptide 

(B) LOCATION: 6.-66 

(D) OTHER INFORMATION: /function "PCR fragment" 
/note= -BCYl(wt-ID) from yeast BCYl gene" 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 41: 
GATCTGACAT CAACTCCTCC ACTCCCAATG CACTTCAACG CCCAAAGGCG TAATGCTGTT 60 
AGTGGTTCTA G 71 
(2) INFORMATION FOR SEQ ID NO: 42: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME/KEY: misc_£eature 

(B) LOCATION: 1..5 

(D> OTHER INFORMATION: /functions "Bglll site" 

(ix) FEATURE: 

(A) NAME/KEY: misc_f eature 

(B) LOCATION: complement (68.. 71) 

(D) OTHER INFORMATION: /functions "Xbal site" 

(ix) FEATURE: 

(A) NAME/KEY: mat_peptide 

(B) LOCATION: 6.. 67 

<D> OTHER INFORMATION: /functions "PCR fragment" 

/note= -BCY1 (Mutl-ID) from yeas t BCY1 gene. 
Nucleotides 53 and 55 are changed to replace 
ThrSer by AsnAla. " 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 42: 
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GATCTGACAT CAACTCCTCC ACTCCCAATG CACTTCAACG CCCAAAGGCG TAATGCTGTT 60 

71 

AGTGGTTCTA G 

(2) INFORMATION FOR SEQ ID NO: 43: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 71 base pairs 
{B> TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME/KEY: misc_f eature 

(B) LOCATION: 1..5 

<D) OTHER INFORMATION: /function "Bglll site" 

(ix) FEATURE: 

(A) NAME/KEY: misc_feature 

(B) LOCATION: complement (68.. 71) 

(D) OTHER INFORMATION: /functions "Xbal site" 

(ix) FEATURE: 

(A) NAME /KEY: mat_i>eptide 

(B) LOCATION: 6 . . 67 

(D) OTHER INFORMATION: /function- "PCR fragment" 

/note= -BCYl(Mut2-ID) from yeast BCY1 gene. 
Nucleotides 46, 47, 49, 51. 53 and 55 are changed 
to replace ArgArgThrSer by AlaAlaAsnAla" 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 43: 
GATCTGACAT CAACTCCTCC ACTCCCAATG CACTTCAACG CCCAAGCGGG CAATGCTGTT 
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AGTGGTTCTA G 

(2) INFORMATION FOR SEQ ID NO: 44: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

( C ) STRANDEDNESS : s ingle 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(ix) FEATURE: 

(A) NAME /KEY: misc_feature 

(B) LOCATION: 3.. 8 

(D) OTHER INFORMATION: /funCtion= "Spel site" 



(ix) FEATURE: 

(A) NAME/KEY: mat_peptide 

(B) LOCATION: 9.-29 

(D) OTHER INFORMATION : /function- = PCR fragment- 

/not- "BCYl (wt-lD or Mutl-ID or Mut2-ID> (second 
copy) from yeast BCYl gene" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 44: 



ATACTAGTAC ATCAACTCCT CCACTCCCA 
(2) INFORMATION FOR SEQ ID NO: 45: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: DNA (genomic) 



(ix) FEATURE: 

(A) NAME /KEY : misc_f eature 
(B> LOCATION: 3.-8 

(D) OTHER INFORMATION: /function= "BamHI site' 



(ix) FEATURE: 

(A) NAME/KEY: mat_peptide 

(B) LOCATION: 10.. 29 

(D) OTHER INFORMATION: /function= "PCR fragment" 
/note= "rat p70S6 kinase gene fragment" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 45: 
ATGGATCCGA TGGCAGGAGT GTTTGACAT 
(2) INFORMATION FOR SEQ ID NO: 46: 

U) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(ix) FEATURE: 

(A) NAME/KEY: misc_feature 

(B) LOCATION: 3.. 8 

(D) OTHER INFORMATION: /function* "Xbal s: 



(ix) FEATURE: 

(A) NAME/KEY: mat_peptide 

(B) LOCATION: complement (9.. 28) 

(D) OTHER INFORMATION: /function* "PGR fragment" 
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/noce= -5 'end ant i -sense strand of coding sequence 
of rat p70S6 kinase gene" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 46: 

ATTCTAGAGA AATCCCCAGG AGAGAATT 28 

(2) INFORMATION FOR SEQ ID NO: 47: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME/KEY: misc_feature 

(B) LOCATION: 3.. 8 

(D) OTHER INFORMATION: /function* "ECORI site" 

<ix) FEATURE: 

<A> NAME /KEY : mat_pepcide 

(B) LOCATION: complement (9.. 28) 

(D) OTHER INFORMATION : /function* -PCR fragment" 

/note= "5-end anti-sense strand of coding sequence 

of truncated p70S6k delta C gene" 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 47: 
ATGAATTCTC ATAGATTCAT ACGCAGGT 2 
(2) INFORMATION FOR SEQ ID NO: 48: 



(i) SEQUENCE CHARACTERISTICS: 
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( A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(ix) FEATURE: 

(A) NAME/KEY: misc_feature 

(B) LOCATION: 3.. 8 

(D) OTHER INFORMATION: /functions -BamHI 



(ix) FEATURE: 

(A) NAME/KEY: mat_peptide 

(B) LOCATION: 10.. 30 

(D) OTHER INFORMATION: /function* "PCR fragment" 
/note= -truncated P 70S6k delta N gene" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 48: 



ATGGATCCAG AATGTTTTGA GCTACTTCGG 
(2) INFORMATION FOR SEQ ID NO: 49: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(ix) FEATURE: 

(A> NAME/KEY: misc_feature 
(B) LOCATION: 3.-8 

(D) OTHER INFORMATION: /function* "BglH Site" 
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(ix) FEATURE: 

(A) NAME /KEY: mat_peptide 

(B) LOCATION: 10.. 32 

(D) OTHER INFORMATION: /functions -PCR fragment" 

/note* "sense strand of the -312 bp auto inhibitory 
sequence from p70S6K gene" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 
ATAGATCTGA AAGAAAAGTT TTCTTTTGAA CC 
(2) INFORMATION FOR SEQ ID NO: 50: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(ix) FEATURE: 

(A) NAME/KEY: raisc_f eature 

(B) LOCATION: 3.. 8 

(D) OTHER INFORMATION: /function* "Bglll s: 



(ix) FEATURE: 

(A) NAME/KEY: mat_peptide 

(B) LOCATION: 10.. 29 

(D) OTHER INFORMATION: /function* "PCR fragment" 

/note- "sense strand of -513 bp autoinhibitory 
sequence from p70S6k gene" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 50: 
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ATAGATCTTA ACTGGGAAGA GCTTTTGGC 
(2) INFORMATION FOR SEQ ID NO: 51: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME/ KEY: misc_f eature 

(B) LOCATION: 3.-8 

(D) OTHER INFORMATION : /functions "Sail site" 

(ix) FEATURE: 

(A) NAME/KEY: tnat_peptide 

(B) LOCATION: 10. .28 

(D) OTHER INFORMATION: /function* "PCR fragment" 

/note= -sense strand of -650 bp pBR322 (-275 bp) 
and the GAPCL (-396 bp) promoter fragment" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 51: 

ATGTCGACGC TCTCCCTTAT GCGACTCC 

(2) INFORMATION FOR SEQ ID NO: 52: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME /KEY: misc_f eature 

(B) LOCATION : 3.. 8 

(D) OTHER INFORMATION: /function= "Bglll site" 

(ix) FEATURE: 

(A) NAME/KEY: mat_peptide 

(B) LOCATION: complement (9.-28) 

(D) OTHER INFORMATION: /functions -PCR fragment" 

/note= "5' anti-sense strand of the GAPCL (-396 
bp) promoter fragment" 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 52: 

ATAGATCTTT TGTTTATGTG TGTTTATT 
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Claims 

1. A transcription system for measuring the interaction between a phosphatase or kinase, 
or a mutein or fragment thereof that binds an autoinhibitory domain; with said 
autoinhibitory domain, comprising 

a) the DNA binding domain of a transcription factor and the transcription activation 
domain of a transcription factor that are separated, wherein one of the two 
transcription factor domains is linked to a polypeptide comprising a phosphatase or 
kinase or a fragment thereof that binds an autoinhibitory domain; and the other of the 
two transcription factor domains is linked to a polypeptide comprising an autoinhibitory 
domain that is capable of binding to the polypeptide linked to the first transcription 
factor domain, and 

b) a DNA that is transcribed when the DNA binding domain of said transcription factor 
and the transcription activation domain of said transcription factor are connected via 
the polypeptides linked thereto. 

2. A transcription system according to claim 1. wherein genuine phosphatase or kinase 
comprises an autoinhibitory domain. 

3. A transcription system according to claim 1, wherein the autoinhibitory domain and the 
fragment that binds an autoinhibitory domain originate from the same enzyme komplex. 

4. A transcription system according to claim 1, wherein the autoinhibitory domain and the 
fragment that binds an autoinhibitory domain originate from the same enzyme. 

5. A transcription system according to claim 1, wherein said phosphatase or kinase or the 
mutein or fragment of said phosphatase or kinase has a free AID binding domain. 

6. A phosphatase or kinase according to claim 1. selected from the group consisting of 
calcineurin, calcineurin that does not comprise the C-terminal 40 to 60 amino acids, PKA 
and p70S6 kinase. 
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7 A „ au.oinhibi.ory domain according .o daim 1. wherein .he region ,ha, hinds ,o the 
' phosphatase or kinase according to claiml is present in 1 to 5 cop.es. 

8. An au.oinhibi.ory domain according to daim 7. wherein said region is present in 2 «o 4 
copies. 

9. An au.oinhibi.ory domain according .o daim 7. wherein mese binding regions are me 
same or different. 

10 . An au.oinhMory domain according .o daim 7. wherein me binding regions are 
connected directly or via spacer groups. 

♦« oiaim 1 selected from the group consisting the 

phosphatase or kinase. 
400 to 432. 

originate from me same transcription factor. 

~«MtnB to claim 1 wherein me transcripton factor is selected 
14.A transcription system according to cia.m . 

from .he group consisting of Acel . GaK. VP16, p53 and lexA. 

16 .A DNA binding domain according to daim 1. comprising me N-termina, « amino adds 
of Acel. 
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17.A transcription activation domain according to claim 1, comprising the C-terminal 100 
amino acid of Ace1 . 

18 An expression cassette for the expression of a fusion protein comprising the DNA 
binding domain or the transcription activation domain of a transcription factor according 
to claim 1 and 

a polypeptide comprising a phosphatase or kinase or a fragment thereof that binds an 
autoinhibitory domain according to daim 1; or 

a polypeptide comprising said autoinhibitory domain or an active fragment thereof, 
according to claim 1 . 

19 An expression cassette comprising a promoter that is operabry linked to a DNA that is 
transcribed when the DNA binding domain of a transcription factor and the transcription 
activation domain of a transcription factor are Joined Wa the polypeptides linked thereto 
according to claim 1; and to a sequence containing a transcription termination signal; 
with the proviso that said expression cassette is not already part of the natural genome 
of the host 

20 An expression cassette according to claim 19, wherein the promoter is selected from the 
group consisting of the CUP1 promoter, the Gall and the Gal10 promoter. 

21. An expression cassette according to claim 19. wherein the promoter is the CUP1 
promoter. 

22. An expression cassette according to daim 19, wherein the DNA coding for a polypeptide 
encodes a polypeptide whose amount can be determined easily. 

23. An expression cassette according to claim 19. wherein the DNA coding for a polypeptide 
encodes metallothionein, (J-galactosidase or ludferase. 

24. An expression cassette according to daim 19, wherein the DNA coding for a polypeptide 
encodes metallothionein or (J-galactosldase. 



25.A hybrid vector 



comprising an expression cassette according to daim 18 or 19. 
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26. A microbiological host comprising a transcription system according to claiml. 

27. A microbiological host according to claim 26. selected from the group consisting of 
yeasts and bacteria. 

28 A microbiological host according .o claim 26. charaderized in ,ha, it ,s a yeas. ceil. 

29.A microbiologic* hos. according .o claim 26. characterized ,n tha. i. is Sa^aromyces 
cerevisiae. 

30 Method lor .he iden.mca.ion o. a caidneurin agonist and antegonis. comprising 

a) .reating a microbiological hos. according .o daim 26 ««, a .es. compound, and 

b) determining me amount of transcription activation. 

31. Me,nod according to daim 30. herein the .ranscriplon ac«va«on is measured Wa me 
expression of the DNA coding for a protein. 

32. Me.hod according to daim 31 wherein the amount o, me proteU. or an effed caused by 
the produced protein is determined. 

33. Use o, .transcription system according to daim 1 forme idenUficadon o, a phosphatase 
or kinasiagonist or antagonist. 

34. use of a LscrioUon system according .o daim 1 for me .den.iflca.ion o, a phospha,ase 
or kinase antagonist. 

35. A compound iden.ifiedv.th the method according to daim 33 for use in a method o, 
treatment. 

36 A compound idenUfled with me memod acceding .0 dalm 33 for use 

Ltmen, ,ha, * characterized by inhibiting T-ce» adfcatfon and/or prevent o, gran 
rejection. 
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37 A pharmaceutic* composition composing one or more o. the compounds identified with 
the method according to claim 33 or a pharmacoiogically acceptable salt thereof, 
optionally together with pharmacologically suitable carrier 
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Fig. 3 
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